Infantile cortical hyperostosis (ICH), or Caffey's disease, is a rare, poorly understood bone disease of children. Similar diseases have been reported to occur in pigs,4 a West Highland white terrier,3 and a 2-year-old rhesus monkey. 5 The human disease has occurred historically in two forms. Prior to 1960, ICH was seen sporadically, its onset primarily in early infancy. Since 1960 the incidence of sporadic disease has markedly declined, and familial ICH is now more commonly diagnosed. Familial ICH is often congenital, self limiting (with resolution of lesions usually by the end of the first year), and is characterized clinically by irritability, soft tissue swelling, and cortical hyperostosis. Sporadic ICH exhibits similar characteristics but is rarely congenital. The mandible is usually involved in the sporadic form, whereas the familial form has less mandibular and more lower extremity involvement.1.2,7-'0 Familial ICH is thought to be a variably expressed, dominantly inherited trait, and sporadic disease is considered to be due to an environmentally induced phenocopy. 9 The microscopic appearance of the lesion is similar in both forms of the human disease and is characterized by subperiosteal new bone formation. There is disagreement concerning the presence of periosteal inflammation. Some authors report acute periostitis;8 others report subacute or no inflammation.' However, the consensus is that periostitis leads to an osteoblastic and fibrous tissue reaction resulting in the deposition of fine spicules of radially oriented new bone on the surface of the preexisting cortical bone. The marrow spaces of the new bone are filled with loose fibrous connective tissue. The periosteum eventually becomes thickened causing the overlying soft tissues to become secondarily atrophic or degenerate.
The porcine form of ICH is congenital and thought to follow an autosomal recessive mode of inheritance. Piglets are stillborn or invariably die within the first 2 days of life. The cause of death is not known. Kaye's review6 reported two explanations: 1) liveborn piglets die of starvation; and 2) heart failure develops secondary to a primary circulatory disturbance. Morphologically, bony changes occur only in the diaphyses of long bones, particularly the radius, ulna, and tibia. Microscopically, the lesion is similar to human ICH, with the exception that periostitis is not a recognizable feature. The reports of this condition in dog and monkey describe a lesion morphologically similar to human ICH. However, in both instances the disease had its onset after the first year of life, and both animals were euthanatized before information regarding the natural progression of the lesions could become available.
This report describes a captive-born female rhesus monkey born with ICH which, 1 1 years later, gave birth to a similarly affected offspring. The initial case animal was born to a wildcaught female and a colony-bred male in 1976. She entered our nursery facility the day after her birth, at which time bilaterally symmetric enlargement of her femora was evident. She was followed clinically with radiographs, complete blood counts (CBCs), and serum biochemistry analyses. CBCs were within normal limits, other than a very mild anemia at 1 month of age. Serum chemistries revealed increasing moderate elevations of serum calcium and inorganic phosphorus.
The highest values were obtained at 16 months, after which measurements were no longer taken (Table 1 ). This rise in serum calcium and phosphorus values most likely corresponds to reabsorption ofthe hyperostotic bone. Other causes of combined hypercalcemia and hyperphosphatemia, such as hypervitaminosis D or primary hypoparathyroidism, are very unlikely considering the uniform rations fed all animals in our facility and the spontaneous resolution of the lesions. Unfortunately, the exact course of lesion resolution is very poorly documented in this animal's record. Radiographically, the lesion appeared only in the diaphyses and was characterized by irregularly radio-dense, bilaterally symmetric periosteal bone proliferation often appearing in a lamellar pattern. The preexisting cortices remained discernible ( Fig.  1 ).
While this animal's medical record is incomplete, she remains alive and now has no evidence of skeletal disease. She has had seven pregnancies with four unrelated males as mates, and at this writing is pregnant for the eighth time by a fifth unrelated sire (Fig. 2) . Three offspring, one male and two females, were unaffected at birth. All three are alive and currently housed at our center. The two females are approaching reproductive maturity. One male was stillborn, and information regarding his skeletal morphology is limited to the mandible, which was normal; no long bones were preserved. Two pregnancies were terminated via cesarian section for experimental fetal studies; no post-mortem information is available on these fetuses. In 1987 this female gave birth to a full-term male fetus with ICH.
The affected male was delivered vaginally and was stillborn. He had markedly enlarged ulnae, femora, right tibia, and mandible. Except for the tibiae, involvement was bilaterally symmetric and affected only the diaphyseal portions of the aforementioned long bones. The enlargements were hard, and overlying soft tissues appeared atrophic and diffusely attached to the underlying periosteum. Cut section revealed a normal sized marrow cavity and variably identifiable preexisting cortices merging with more spongy appearing subperiosteal hyperostoses. Radiographs of involved bones were similar in appearance to the dam's. The diaphyses of involved bones had marked proliferation of subperiosteal new bone. This animal's bone appeared more uniformly radio-dense than its dam's, and laminations were only apparent on cross-section. The mid-diaphyseal segments of ulnae were less involved than the proximal and distal segments, giving these bones a dumbbell appearance (Figs. [3] [4] [5] . A macerated femur demonstrates the remarkable proliferation of irregular spongy subperiosteal diaphyseal bone (Fig. 6 ).
Microscopic examination of formic acid decalcified sections of deformed bones revealed normal appearing preexisting marrow cavities. Diaphyseal cortical bone corresponding to the original cortex appeared irregularly remodeled and multifocally replaced by cancellous bone. This merged peripherally with markedly hyperplastic subperiosteal new bone. The hyperostoses were characterized by spicules of bone oriented predominantly, but not exclusively, perpendicular to the long axes of the involved bones. Osteoblasts were present in large numbers, particularly at the periphery of the lesion. Osteoclasts were present in relatively small numbers and were more frequently associated with the inner, more mature bone. The peripheral marrow spaces were filled with a loose fibrous stroma, often with large vascular sinuses, and only rare hematopoietic cells. Hematopoietic tissue was more evident in regions corresponding to preexisting marrow spaces. The periosteum was markedly and diffusely thickened. Periostitis was not evident, and growth plates and epiphyses appeared normal. Soft tissue involvement was restricted to atrophy and fibrosis adjacent to the periosteum (Figs. 7, 8 ).
Only those bones which were grossly abnormal had microscopic lesions. Fig. 4 . Femur, stillborn male rhesus monkey with infantile cortical hyperostosis, massive proliferation of diaphyseal cortical bone. As in Fig. 1 , epiphyses are incompletely ossified and do not appear involved (arrowheads). Fig. 5 . Cross-section through tibia and fibula, stillborn male rhesus monkey with infantile cortical hyperostosis. More radio-dense preexisting bone with overlying, faintly lamellar appearing new bone deposition.
The radiographic appearance of the femora and the clinical history of the dam in this report are similar to ICH as it occurs in human infants. Her subsequent production of a similarly, but more severely affected stillborn offspring is also remarkably similar to the reports of familial human ICH. The cause of the in utero death is believed to have been a consequence of dystocia, possibly, but not necessarily, related to the skeletal abnormality. The dam's survival supports the conclusion that ICH in rhesus monkeys is not a uniformly lethal condition. The similarities of the reported cases to the human and porcine forms of ICH as well as a comparison with the isolated canine and juvenile primate cases are presented ( Table 2 ). The familial occurrence of ICH in the monkeys described in this report is strongly suggestive of an inherited trait. It is possible that an infectious agent or teratogen is responsible, but because this is the only such report in infant nonhuman primates, it is much more likely to be an incompletely penetrant, dominantly inherited trait carried by the dam in this report. A recessively inherited trait is possible, but less likely. A recessive trait would require both sires of affected individuals to be carriers. If the trait occurred with such frequency, it should be expressed much more often, Fig. 6 . Macerated femur, stillborn male rhesus monkey with infantile cortical hyperostosis. Extensive proliferation of irregular spongy subperiosteal diaphyseal cortical bone. Fig. 7 . Low power magnification of a cross-section through formic acid decalcified tibia, stillborn male rhesus monkey with infantile cortical hyperostosis. Border between remodeled preexisting cortex and peripheral new bone proliferation (arrowheads). New bone predominantly radially oriented; overlying markedly thickened periosteum. HE. Fig. 8 . Higher magnification of new bone reveals rows of osteoblasts and loose fibrous stroma with vascular sinuses and rare hematopoietic cells in marrow spaces. HE. particularly with camer males used extensively for breeding purposes.
Addendum: Since the writing of this report, the dam has given birth to a radiographically and clinically normal male.
